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ABSTRACT

In inflammatory bowel diseases (IBD) such as ulcera-
tive colitis (UC) and Crohn’s disease (CD), the dura-
tion and severity of inflammation are responsible for
the development of colorectal cancer. Inflammatory
cytokines such asinterleukin (IL)-8 and tumor necro-
tic factor (TNF)-a, which are released by epithelial
and immune cells, areinvolved in the pathogenesis of
colitis-associated cancer. Current treatments for ad-
vanced colorectal cancers focus primarily on target-
ing epidermal growth factor receptor (EGFR) signal-
ing. IL-8 (a G-protein coupled receptor (GPCR) ago-
nist), which isinvolved in neutrophil recruitment and
activation in persistent active colitis, also promotes
cleavage of theproheparin-binding epidermal growth
factor—like growth factor (proHB-EGF) through a
disintegrin and metalloproteinase (ADAM), so that
the resulting soluble HB-EGF activates EGFR. In pa-
rallel, the carboxy-terminal fragment of proHB-EGF
(HB-EGF-CTF) trandocates into the inner nuclear
membrane, where HB-EGF-CTF binds the nuclear
promyelocytic leukemia zinc finger (PLZF) protein,
resulting in the nuclear export of the PLZF transcrip-
tional repressor and thereby affecting cell prolifera-
tion. Screening for potent chemical inhibitors of the
interactions between HB-EGF-CTF and PLZF identi-
fied telmisartan (and related compounds in cor por at-
ing a biphenyl tetrazole moiety) as inhibitors of cell
proliferation. Here we focus on the inhibitory effects
of these compounds on cell proliferation, demons-
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trating the potential for targeting the nuclear tran-
slocation of HB-EGF-CTF in the treatment of colitis-
associated cancer.
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1. INTRODUCTION

The incidence of inflammatory bowel diseases such as
UC and CD has been increasing on an annual basis. Un-
controlled and excessive host immune responses, during
which inflammatory cytokines such as IL-8 and TNF-a
mediate inflammatory cell infiltrates in the gut mucosa,
are known to induce inflammation and exaggerate mu-
cosal injury in the gut. Long-term high disease activity
has been established as a potential risk factor for the
development of colitis-associated cancer [1,2]. The cu-
mulative incidence of such malignancies is below 1% in
the first 8 - 10 years of UC, but thereafter rises in annual
increments of 0.5% - 1.0% to reach 5% - 10% after 20
years and 15% - 20% after 30 years [3]. The perpetuation
of active inflammation in the mucosa of patients with UC,
which is mediated by IL-8, also is believed to increase
the risk of colitis-associated cancer. Thus, IL-8 plays
important roles in the perpetuation of inflammation in
UC leading to the development of colorectal cancer.
Therapeutic treatments targeted towards advanced co-
lorectal cancers have focused mainly on the design of
therapeutic agents that target epidermal growth factor
(EGF) signaling, such as the monoclonal antibodies ce-
tuximab and panitumumab, which directly block the
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EGFR [4-6]. However, less consideration is currently
given to the potential for therapeutically targeting the
nuclear translocation signaling of HB-EGF-CTF.

This nuclear translocation signaling arises from meta-
lloproteinase cleavage of the precursor of HB-EGF to
yield the cleaved extra cellular fragments and CTF.
Following cleavage, the extra cellular (soluble) portion
of HB-EGF binds to and activates EGFR, whereas the
CTF is translocated to the nucleus, where this fragment
modulates signaling. Here, we provide an overview of
the mechanisms by which IL-8 modulates UC inflam-
mation and induces EGF signaling to regulate cell pro-
liferation. The role of IL-8 emphasizes the potential of
inhibiting the nuclear translocation of HB-EGF-CTF as a
mechanism for suppressing the development of colitis-
associated cancer.

2.1L-8 NOT ONLY MEDIATESTHE
ACTIVATION OF NEUTROPHILS
DURING UC INFLAMMATION BUT
ALSO ACTSASA GROWTH FACTOR

The gut inflammation that occurs in UC is characterized
by mucosal and submucosal infiltration by numerous
neutrophils and lymphocytes in both moderate and
severe UC patients. In patients with UC, the circulating
levels of neutrophils also are reported to be up to three
times as high as the level in healthy controls [7]. Indeed,
granulocyte and monocyteadsorptive apheresis is thera-
peutic for active UC, confirming that circulating and
infiltrating neutrophils are strongly involved in the deve-
lopment of UC [8,9].

Increased levels of IL-8 mRNA expression and IL-8
protein production are observed in the inflamed mucosa
of patients with active UC, especially in macrophages,
neutrophils and colon epithelial cells [10,11]. Moreover,
luminol-dependent chemiluminescence and myelopero-
xidase (MPO) activities of neutrophils in the mucosa are
markedly increased in active UC compared with the le-
vels observed in patients with inactive UC and in healthy
controls. Thus, IL-8 levels correlate with the intensity of
chemiluminescence and MPO levels [12]. These results
suggested that most neutrophils that infiltrate the in-
flamed mucosa in UC are activated by IL-8.

In the context of mitogenesis, IL-8 is known to pro-
mote angiogenesis [13]. IL-8 also has been implicated in
the promotion of cell proliferation mediated by binding
to its homologue receptors (CXCR1 and CXCR2: GPCR)
in various types of cancer cells [14], thus confirming that
IL-8 acts as a growth factor. IL-8 thus has been found to
promote both the angiogenesis of vascular endothelial
cells and the proliferation of tumor cells. IL-8 is not
constitutively expressed in non-cancerous cells, but is
upregulated by stimuli such as lipopolysaccharide (LPS)
and TNF-a [15]. In contrast, constitutive IL-8 protein
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expression has been demonstrated in various human ma-
lignancies, including leukemia and cancers of the stoma-
ch and colon. In addition, IL-8 expression is associated
with tumor progression and poor prognosis as well as
angiogenesis [16,17].

Thus, IL-8 acts not only as a chemoattractant but also
as a growth factor in the inflamed mucosa characteristic
of UC, suggesting that this cytokine play a critical role in
the development of colitis-associated cancer during chro-
nic UC inflammation.

3. DUAL SIGNALING OF HB-EGF IN
IL-8-INDUCED CELL
PROLIFERATION

EGF signaling is propagated by a dual pathway that
includes both ligand-dependent EGFR transactivation
and its nuclear translocation (of the CTF released by
cleavage of the pro-protein). Several GPCRs have been
demonstrated to activate EGFR (an event known as tran-
sactivation), even though GPCR agonists do not directly
interact with EGFR. EGFR transactivation by GPCR
agonists was first discovered to mediate several critical
downstream EGFR signals and activities such as ERK
activation, c-fos induction, and cell proliferation [18,19].
EGEFR transactivation involves a disintegrin and metallo-
proteinase (ADAM) that convert the pro-form of EGFR
ligands (including EGF, HB-EGF, amphiregulin, betace-
llulin, epiregulin and epigen) to bioactive forms by in-
ducing shedding of the ectodomain. Blocking of proHB-
EGF function (using the diphtheria toxin mutant Crm197)
or of metalloproteinase activity (using the inhibitor bati-
mastat, BB94), abrogates GPCR-induced phosphoryla-
tion of EGFR, Shc, and MAPK [20,21]. Inhibition of
metalloproteinase-mediated EGFR ligand shedding also
reduces proliferation [22,23].

Numerous GPCR agonists, including angiotensin II,
endothelin-1, carbachol, bombesin, phenylephrine, and
IL-8 have been reported. IL-8 is the major neutrophil
chemoattractant in UC, and has been implicated in the
initiation and perpetuation of inflammation in UC. This
cytokine promotes cell proliferation in the colon cancer
cell line CaCO, through ADAM-mediated cleavage of
pro-HBEGF, as assessed using the incorporation of [*H]
thymidine into DNA [22]. Introduction of siRNA tar-
geting ADAMI10 dramatically reduces IL-8-induced pro-
HBEGF shedding and EGFR transactivation [24]. Thus,
IL-8-induced cell proliferationappears to be mediated by
ADAM10-associated proHB-EGF shedding and EGFR
transactivation. This hypothesis was confirmed using a
dextran sulfate sodium (DSS)-induced murine model of
experimental colitis: When the expression of ADAM-17
was reduced (via the exon-induced translational stop
method) in DSS-treated mice, colon epithelial cells
exhibited defective regeneration and the intestinal barrier
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showed breakdown, presumably reflecting impaired shed-
ding of EGFR ligands followed by failure to phospho-
rylate STAT3 [25]. Thus, ADAM-17 mediated cleavage
of EGFR ligands also appears to be involved in cell pro-
liferation and tissue regeneration.

HB-EGF-CTF is reportedly translocated into the nu-
cleus following ectodomain cleavage of HB-EGF by spe-
cific metalloproteinases. The CTF subsequently exerts
effects on the regulation of cell proliferation by binding
nuclear promyelocytic leukemia zinc finger (PLZF) pro-
tein, a transcriptional repressor, thereby causing nuclear
export of PLZF [26]. IL-8 also induces translocation of
HB-EGF-CTF into the nucleus after ADAM10-mediated
ectodomain shedding of proHB-EGF [27]. Moreover, su-
ppression of HB-EGF-CTF translocation into the nucleus
(by use of the ADAM inhibitor KB-R7785) decelerates-
mitogenic phenomena through delayed entry into the
S-phase of the cell cycle. Inhibition of metalloprotease
activityabrogates this process, suggesting that ectodo-
main processing triggers translocation of HB-EGF-CTF
into the nucleus [26,28]. In parallel with HB-EGF-CTF
signaling, theshed ectodomain of proHB-EGF promo-
tes Gl-phase progression in the cell cycle through
binding to and activation of the EGFR, resulting in up-
regulation of cyclin D expression via the Ras-MAPK
signaling cascade, which includes MKK1/2 and ERK
[26,28]. Therefore, processing of proHB-EGF, as indu-
ced by IL-8, generates two types of mitogenic signals:
EGFR transactivation followed by downstream Ras-
MAPK activation, and the release of intracellular HB-
EGF-CTF leading to nuclear export of PLZF. Thus, IL-8
modulates cell proliferation through dual intracellular
signaling pathways.

4. ANEW APPROACH FOR
ANTI-CANCER DRUGS TARGETING
THE NUCLEAR TRANSLOCATION
SIGNALING OF HB-EGF-CTF

When administered together, monoclonal blocking anti-
bodies against the EGFR plus combination chemothe-
rapy provide additive effects on advanced colorectal
cancer [5,6]. However, these additive effects are limited
in the presence of the KRAS mutation [5,6]. Inhibition of
nuclear translocation signaling of HB-EGF-CTF is consi-
dered to be a new strategy against the development of
colorectal cancer. However, no existing therapeutic agents
are known to employ this mechanism of action, that is, to
specifically block nuclear translocation of HB-EGF-
CTF and binding to PLZF.

Inhibitors that block the interaction between HB-EGF-
CTF and PLZF were recently identified based on high
through put screening assay [29]. This assay employed
HT1080 cells, which express only low levels of endo-
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genous HB-EGF precursors. Initially, regions of PLZF
with affinity for the cytoplasmic domains of pro-EGFR
ligands were characterized in HT1080 cells by using a
GST pull-down assay. Co-transfection with constructs
encoding various FLAG-tagged PLZF derivatives re-
vealed a close interaction between GST-HB-EGF-CTF
and zinc finger domains (ZnF) 5 - 8 of PLZF, but not
between CTF and a deletion mutant of ZnF 5 - 8 (PLZF/
AZnF 5 - 8). These data suggested that the ZnF 5 - 8
region is critical for the interactions between PLZF and
HB-EGF-CTF.

Using an Alphascreen® technique, a high-through-put
assay was developed to screen for inhibitors that block
the interaction between ZnF 5 - 8 and CTF. The Alpha-
screen assay design relies on the fact that a signal can be
detected only when streptavidin-coated donor and anti-
GST antibody-conjugated acceptor beads are in close
proximity (within a distance of 200 nm). In this specific
assay, the beads are brought into close proximity via the
specific interactions between ZnF 5 - 8 and CTF com-
plexes coupled to the beads. An analysis with biotin-AR-
CTF and GST-Zn 5 - 8 of PLZF validated the inhibitory
effects of obtained candidates. A total of 9000 chemical
compounds were screened based on the efficacy of
blocking the binding of AR-CTF to ZnF 5 - § or the bin-
ding of HB-EGF-CTF to Zn 5 - 8 of PLZF, yielding
twelve candidates (including compounds designated as
nos. 8016, 7701 and 7804) (Figure 1(a)). At concentra-
tions of 10 uM, compounds no. 8016, 7701 and 7804 ex-
erted 30.4%, 60.5% and 49.9% inhibition on the interac-
tion between biotin-AR-CTF and GST-ZnF 5 - 8 of
PLZF. Notably, although compound no. 8016 did not
exhibit the strongest inhibitory effect on the interaction
(Table 1), the compound did exhibit the strongest in-
hibition of cell proliferation among the twelve candidates
when assayed via a cell proliferation assay during 12-O-
tetradecanoyl-phorbor-13-acetate (TPA) stimulation [29].
Based on the cell proliferation results, we selected no.
8016 as a candidate. The half maximal inhibitory con-
centration (ICsy) obtained with compound no. 8016 was
29.9 uM (Figure 1(b)). The presence of the biphenyl
tetrazole in the candidate compound suggested the utility
of screening structurally similar compounds, including
telmisartan, candesartan, olmesartan, and losartan (Fi-
gures 1(a)-(c)), which are all angiotensin II type 1 recep-
tor (AT1R) blockers (ARBs). In an assay for binding of
AR-CTF to PLZF, these four ARBs exhibited ICs, values
as shown in Figures 1(c) and (d). A cell proliferation
assay with keratinocytes demonstrated that, of the four
ARBs tested, telmisartan exhibited the strongest effect
on cell proliferation [29], confirming the proposed corre-
lation between inhibition of CTF-PLZF interaction and
inhibition of cell proliferation.
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Figure 1. Structures and inhibition of cell proliferation for the most potentinhibitors identified by binding
assay. Modifiedfrom reference 25. (a) Structures of the twelve candidate compounds identified in Table 1
binding assay. (b) and (c) The inhibitory effects of the compound no. 8016 and telmisartan on the binding of
AR-CTF to PLZF. Plots with the percent inhibition against various concentrations of compound no. 8016 and
telmisartan are presented with the ICsy values observed by the Alphascreen system. (d) Inhibitory effects of
three ARB candidates on the binding of AR-CTF to PLZF. Plots with the percent inhibition against various

concentrations of each inhibitor and inhibition are presented with ICs, values.
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Table 1. Inhibitors of the interactions between the C-terminal
fragment (CTF) and zinc finger domains 5 to 8 (ZnF 5 - 8) of
the promyelocytic leukemia zinc finger (PLZF) protein. An
Alphascreen®-based high-through-put screen was used to iden-
tify inhibitors of the interaction between HB-EGF-CTF or AR-
CTF and ZnF 5 - 8 of PLZF. Screening 9000 compounds
yielded twelve candidate compounds. Based on structural simi-
larity to compound no. 8016, an additional four angiotensin II
type 1 receptor blockers (ARB) also was tested. Values are the
mean percent inhibition of binding of the indicated CTF frag-
ment with ZnF 5 - 8, as assayed by the Alpha screen system.
The Z’-factor for the screen was shown to be 0.73, demonstrat-
ing the reliability of the assay (0.5 < Z’ < 1.0). Table is modi-
fied from reference [25].

Biotin-HB-EGF-CTF Biotin-AR-CTF

100 uM 10 pM 100 uM 10 pM

% Inhibition % Inhibition
No. 7620 82.1 22.1 76.3 25.6
No. 7632 81.7 12.6 74.9 40.5
No. 7701 89.6 41.6 71.5 60.5
No. 7702 86.7 344 77.9 46.3
No. 7768 73 24.1 53.2 32.6
No. 7787 82.1 10 822 14.9
No. 7804 85.7 19.5 79.8 49.9
No. 7826 82.3 14.5 82.6 30.7
No. 7834 90.7 21.5 77.1 43.6
No. 7887 93.9 28.4 90.9 39.5
No. 7972 67.5 9.9 70.1 342
No. 8016 71.4 33.1 75 304
Telmisartan * " 66.9 48.5
Candesartan 78.1 12.6 84.1 232
Olmesartan ) 51.8 20.5
Losartan " * 68.4 12.9

Compounds: 9000 — 12 Z’-factor: 0.73 + 0.091, S/B: 20.6, “Not calculated.

5. TELMISARTAN, BUT NOT
CANDESARTAN, INHIBITS
TPA-INDUCED COLON CANCER
CELL PROLIFERATION

TPA, an activator of protein kinase C (PKC)J, is known
to induce the ectodomain cleavage of proHB-EGF via
ADAM [30]. Using a CCK-8-based cell assay, we de-
monstrated that TPA-induced proliferation of HT29 cells
was inhibited in a dose-dependent fashion by telmisartan
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but not by candesartan [29]. Using similar assays, we
confirmed telmisartan’s ability to inhibit TPA-induced
cell proliferation in additional colon cancer cell lines,
including HCT116, SW480, and CaCO, [29].

In addition, the inhibitory effects of telmisartan and
candesartan on TPA-induced cell proliferation were asse-
ssed using growth curve analyses and cell proliferation
assays. Specifically, HT29 and HCT116 cells were con-
tinuously cultured for up to 6 days in the presence or
absence of TPA and with or without telmisartan or can-
desartan. The resulting cell counts were 2-fold greater
with TPA stimulation compared to a control not exposed
to TPA. The TPA induction effects were attenuated (to
cell counts approximating those of the control culture) by
the additional inclusion of telmisartan, but not by the
additional inclusion of candesartan. Notably, in the ab-
sence of TPA stimulation, telmisartan and candesartan
did not further inhibit cell proliferation (to levels below
those of the control) [29].

6. TELMISARTAN, BUT NOT
CANDESARTAN, INHIBITS
TPA-INDUCED PHENOMENA
(NUCLEAR TRANSLOCATION OF
HB-EGF-CTF, NUCLEAR EXPORT OF
PLZF, AND ASSOCIATION OF
HB-EGF-CTF WITH PLZF)

Immunofluorescent staining (IF) in HT29 or HCT116
cells was used to determine the intracellular localization
of HB-EGF-CTF and PLZF under various growth condi-
tions. In control (unstimulated) cells, IF demonstrated
localization of HB-EGF-CTF to the cell membrane or
cytoplasm, and PLZF to the nucleus. In TPA-stimulated
cells, IF demonstrated nuclear translocation of HB-EGF-
CTF and nuclear export of PLZF. The combination of
TPA plus telmisartan, but not that of TPA plus candesar-
tan, inhibited the TPA-induced nuclear translocation of
HB-EGF-CTF and nuclear export of PLZF. In separate
experiments, we used a combination of immunoprecipi-
tation (with anti-HB-EGF-CTF antibody) and immune-
(western) blotting (with anti-PLZF antibody) to assay
HT29 cells for TPA-induced association between HB-
EGF-CTF and PLZF. Our results demonstrated that the
association between CTF and PLZF peaked at 120 min
following treatment with TPA. The additional inclusion
of telmisartan, but not that of candesartan, significantly
blocked this association [29]. The differences in the inhi-
bitory effects of telmisartan and candesartan on these
phenomena can be explained by their lipid solubility.
Telmisartan is more lipid soluble than candesartan [31],
and thereby, telmisartan can easily pass through the cell
membrane into the cytoplasm and block the interaction
between HB-EGF-CTF and PLZF.

OPEN ACCESS



24 S. Tanida et al. / Advances in Bioscience

7. TELMISARTAN
AT1R-INDEPENDENTLY INHIBITS
NUCLEAR TRANSLOCATION OF
HB-EGF-CTF AND CELL
PROLIFERATION

Angiotensin II, a GPCR agonist, also induces EGFR
transactivation [32]. Both telmisartan and candesartan
are antagonists of AT1R (a GPCR), raising the possibi-
lity that the TPA-induced nuclear translocation of HB-
EGF-CTF and nuclear export of PLZF represent cross-
talk between the two GPCR pathways. We revised our
assay to perform immunoprecipitation with an anti-
EGFR antibody followed by western blotting with an
anti-phosphotyrosine antibody. Our results showed that
EGFR phosphorylation during TPA stimulation peaked
within 15 min and then gradually decreased to basal
levels by 120 min. Notably, EGFR phosphorylation was
not inhibited by either telmisartan or candesartan. To
address possible cross-talk, we repeated this analysis in
cells that had been depleted of ATIR using a gene-speci-
fic small interfereing RNA (siRNA). The immuno-
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staining localization of HB-EGF-CTF and PLZF in
AT1R-depleted cells revealed that telmisartan, but not
that candesartan, inhibited TPA-induced nuclear translo-
cation of HB-EGF-CTF and nuclear export of PLZF,
suggesting ATIR signaling [29]. We additionally noted
(using a CCK-8-based assay) that TPA-induced cell
proliferation was inhibited by telmisartan, but not by
candesartan, in both the presence and absence of ATIR
depletion. This observation verified that TPA-induced
cell proliferation was independent of ATIR signaling.
Based on these findings, we hypothesize that telmisartan
inhibits cell proliferation during TPA stimulation by
specifically blocking nuclear translocation of HB-EGF-
CTF and nuclear transport of PLZF in colon cancer cells,
and note this inhibitory activity proceeds via an ATIR-
indpendent mechanism. These results demonstrate a new
property of telmisartan.

8. CONCLUSION AND PERSPECTIVES

Extensive knowledge regarding the molecular mecha-
nisms of EGFR ligands and their receptors is indispen-
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Figure 2. Dual signaling pathways of EGFR phosphorylation and HB-EGF C-terminal fragment nuclear tran-
slocation during cell proliferation. IL-8 and TPA induces an ADAM-mediated cleavage of proHB-EGF, and
results in the ectodomain shedding of its N-terminal fragment (NTF) and generation of an intracellular
C-terminal fragment (CTF). The soluble HB-EGF binds to the EGFR and induces a rapid transient
phosphorylation of EGFR. (P indicates phosphorylation). This phosphorylation results in the transcription of
various genes. Meanwhile the HB-EGF-CTF translocates into the nucleus, where the CTF subsequently
induces the nuclear export of PLZF. This results in the progression of cell cycle. Inhibitors like telmisartan are
proposed to act by blocking the nuclear translocation of HB-EGF-CTF.

Copyright © 2013 SciRes.

OPEN ACCESS



S. Tanida et al. / Advances in Bioscience and Biotechnology 4 (2013) 19-26 25

sable for the design of therapeutic strategies that block
EGF signaling to facilitate the treatment of advanced
colon cancer. We suggest that the inhibition of HB-EGF-
CTF with telmisartan and analogs may be a novel stra-
tegy for preventing cell proliferation (Figure 2). A recent
meta-analysis on the incidence of cancers during treat-
ment with ARBs in 15 large clinical trials found that
(compared to controls) patients receiving ARBs exhi-
bited no significant increase in the risk of lung, prostate,
or breast cancer nor in overall cancer mortality [33]. In
addition, a cell proliferation assay demonstrated that the
combination of telmisartan and cetuximab inhibited cell
proliferation in a dose-dependent manner, and with
efficacy better than that of telmisartan alone (unpub-
lished data). Thus, in patients with colorectal cancer, the
use of telmisartan plus combination chemotherapy with
anti-EGFR therapy may provide a treatment strategy
superior to that of combination chemotherapy with
anti-EGFR therapy alone. Future analyses of the detailed
molecular mechanisms of these signaling pathways in
UC-associated cancer will permit the development of
new therapeutic agents that target molecules involved in
the development of UC and colorectal cancer.
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